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IMPROVED ETA-II ACCELERATOR PERFORMANCE

J. T. Weir, J. K. Boyd, Y-J Chen, J. C. Clark, D. L. Lager

and A. C. Paul, LLNL*
Abstract

Improvements have beenade inthe performance of the of the beam. By relaxing the constraint of maintaining all
ETA-Il acceleratorthat allow a nominal 2 kA, 6 MeV current through the first cell block, we were able to adjust
beam to befocused to aspot size less that 1 mm inthe magnetic profile to give a smoother match to high
diameter. The improvementinclude reducinghe energy energy portion of the beam. Using tingproved injector
sweep toless than +/- 0.5 %ver 40 ns of the pulse matching and byhandtweaking the rest of thaccelerator
using areal time energy diagnostiand improving the around the theoretical,profile we were able toeduce the
magnetic tune of the acceleratorémlucethe emittance to emittance to 8 cmmrad. atthe end of the accelerator.

8 cm-mrad. Finally, an automated tuning system Becausethe final beam spot size isgdependent on
(MAESTRO) was run to minimize the timdependent emittance, this 30%eduction in emittanceeduced our
centroid motion (corkscrew) by adjusting the steering spot size by 20%.

dipoles over the focusing solenoids. Therkscrew

motion was reduced to less than +/- 0.5 mm at the output Pe r Cort Energy Change
of the accelerator. I T I S T T
INTRODUCTION 2 acis, om

The Lawrence Livermore National Laboratory (LLNL) has
begun using the Experimental Testcelerator (ETA 1) —
to study beam/target interactions at tkeay converter
target formultiple shot, flashradiographyexperiments.
The issues beingtudiedinvolve the interaction of the
electron beanwith the plasma that forms on the initial
shot and how the plasma affects the focusing therefore
spot size ofsubsequenshots. Typical multipulse-ray

experiments will use pulse spacings of 200 to 700 ENERGY UNIFORMITY
nanoseconds. ETA Il cannot run at a repetitiate high

enough to simulate multiple shots on target sohage B€amspot size is a strong function of the beamergy.
used alaser toproduce aplasma to simulate the first Figure 1 shows the spot size variation as a function of the

“shot” andthe ETA Il electron beam athe next shot in €nergy forthe final focusing magnetised inour target

the sequence. To correctimulate theeffectsthat will experiments. ETA I Wasjesigned togive an energy
occur in DARHT 2 or the proposedAdvance Hydrotest [1attop of about 40 ns..Adjustments to theenergy
Facility (AHF) we needed tcachieve abeam spodensity Uniformity are made byadjusting thetiming between the
25.5 Ka/cm. This corresponds tdfocusing the 2 Ka four MAG D1 units that power that injectorand the

beam into a spot size of less than 1 mm. FWHM. Thigceleratorgaps. Moving the timing of theccelerator
tight focus was only possiblafter improvementswere pulse powerwith respect tothe injector will change the

made to emittance, energyiformity, centroidmotion of beam loading and skew thg energy flatness. Because the 70
the beam, and shot to shot repeatability. ns. beam pulseneeds tofit closely underthe 70 ns.

accelerating pulse these timing shéig done in0.25 ns.
EMITTANCE steps. Since there are a large number of ways to time the
accelerator MAG D1 units with respect to the injector, we
wrote a program that displays tiheduceddatafrom the
energy analyzesystem on areal time display in the
control room. The data displayed as a percediviation
from the nominal beam energy. By observing ¢hanges

in a real timemodeandadjusting thetiming of thepulse
power units wewereable to reducethe energy variation
across the flattoportion of the pulse to better than +/-
0.5 %. Figure 2 shows thenergy varriation across the
center 40 ns. of our beam pulse.
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Figure: 1 Energy Mev

Using standard peppg@ot techniqueghe emittance of the
ETA Il acceleratovasmeasured at 12 cm-mraghen it
was first decommissioned. This is real emittaneasured
in rr’ space (un-normalizedith no factor of m). Earlier
measurements of theathode brightness suggested the
transport of the beam wagading toincreasecemittance.
Modeling the injectorand the first 10 cell block of the
acceleratoiwith the DPCand ST codeshowedthat in
order to transport the low energy leading and traikdges
of the current pulse wewere running the firstanode -
magnet too low. This allowed us tatchthe low energy
part of the pulse withoubver focusingbut required a
mismatched condition on the higher energy center portion
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Figure: 2 Energy Variation Figure : 3 Centroid Motion Inside a 1mm Radius Circle
BEAM CEMTROID MOTION SHOT TO SHOT REPEATABILITY

Beam centroidmotion (corkscrew) will also cause an Historically, ETA Il wasdesigned tarun in a burstmode
effective growth in the final beam spot size. Corkscrew & 5 KHz. This required large capacitzanks to store the
caused by a combination of enenggriations in thebeam energyand complex chargingand switching circuitry to
andtraversing the focusing magnets off tbenteraxis. run the MAG 1D units at this repetition rate. \have
Minimizing the corkscrew is accomplished lyning the removed the capacitor banks and the charging and
steering magnets thaire wrapped around each of theswitching circuitryand replacedhem with off the shelf,
solenoid magnets in thaccelerator. We haveeveloped well regulated powesupplies. This hagliminated the
an automateduning system, MAESTRO, thatan tune largest source of shot to shot jitter on teeelerator. In
the entireacceleratosteering system in about one hourour new configuration we have reduced the timing jitter on
Modeling of ourtuning systemshowed an error in our the pulsepower units to below +/- 0.25 ns. This is
basicapproach toadjusting the steering coilsThere are below the incremental step size of tiing adjustment
twenty steering coils on each ten cell bldek xand ay and gives the accelerator excellent shot to shot
coil for each solenoidput only one pair of resistiveall repeatability.

monitors (beam bugs) after each ten cell block. In our old

mode ofoperation, wewould tune eachpair of steering CONCLUSIONS

coils andwork our way through the cell block trying to

maintain the beam ooenter atthe end ofthe cell block. By improving the emittance, energy uniformity,
Simulations showed itwas very easy to get theeam corkscrewmotion, and the shot to shot repeatability on
oscillating through the cell block witkarger and larger ETA II, we have been able to focus a 2 Ka electteam
steering correctionsieeded tobring the beamback to into a spot with a diameter of less that 1 mm.

center. By using only the steering at the first cell to bring

the beam through on center and the steering at thedhst

to remove the angle wavere able to avoid large

excursions through the cell block. ttan be shown

analytically that this is all the steering thatiscessary to

reduce the corkscrew torainimum. Figure 3 shows the

data from our beam bug at the end of #leceelerator. The

data is taken from a single shot and is theial excursion

of the beancentroid. The fortydatapoints inside the 1

mm. radius circlearethe beamcentroidposition at 1 ns.

intervals through the 40 ns. of beam flattop.
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Figure: 4 Time Resolved X-Ray Images, 10 ns. Spacing

Figure 4 shows a timeesolved xraymage of thebeam
hitting a 0.005 inch thick Ta. Target. Withnergy
desities produced bysuch beams we will beble to
continue studying beam/target interactions faultipulse
radiography.
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